Study Design. A radiological study of type II Modic changes (MCs). Objectives. The aim of this study was to determine the characteristics of type II MCs on fat suppression (FS) magnetic resonance (MR) images and its association with radiological disc degeneration. Summary of Background Data. Type II MCs are common endplate signal changes on MR images. On the basis of limited histological samples, type II MCs are thought to be stable fat degeneration. FS technique on MR, which can quantify fat content, may be an alternative to explore the pathology of MCs. To date, however, the characteristics of type II MCs on FS sequence have not been studied. Methods. Lumbar MR images conducted in a single hospital during a defined period were reviewed to include those with type II MCs and FS images. On FS images, signal status of type II MCs was visually classified as suppressed or not-suppressed. Signal intensity of vertebral regions with and without MCs was measured quantitatively on T2-weighted (T2W) and FS images to calculate fat content index and validate the visual classification. Using image analysis program Osirix, MCs size and adjacent disc degeneration were measured quantitatively. Paired t-tests and logistic regressions were used to determine the associations studied.
Results. Sixty-four lumbar MRIs were included and 150 endplates with type II MCs were studied. Although signal of 37 (24.7%) type II MCs was suppressed on FS images, that of 113 (75.3%) was not suppressed. The discs adjacent to type II MCs had lower signal intensity (0.13 AE 0.003 vs. 0.14 AE 0.004, P < 0.001), lesser disc height (9.73 AE 1.97 vs. 11.07 AE 1.99, P < 0.001) and greater bulging area (80.0 AE 31.4 vs. 61.3 AE 27.5 for anterior bulging, 33.72 AE 21.24 vs. 27.93 AE 12.79 for posterior bulging, and 113.7 AE 39.9 vs. 89.2 AE 35.2 for total bulging, P < 0.05) than normal controls. Type II MCs that were not suppressed on FS image were associated with greater age [odds ratio (OR) ¼ 1.11, P < 0.001], lower height (OR ¼ 0.94, P < 0.05), and greater posterior bulging (OR ¼ 1.05, P < 0.001) at the adjacent disc. Conclusion. Signal of most type II MCs was not suppressed on FS MR images, suggesting that there are ongoing complicated pathologies. Type II MCs may not merely represent fat replacement. Key words: disc degeneration, fat suppression, lumbar spine, magnetic resonance imaging, Modic changes, quantitative image analysis. Level of Evidence: 3 Spine 2016;41:E987-E994 M odic changes (MCs), or endplate signal changes, are common findings on lumbar spine magnetic resonance (MR) images. The prevalence rates of MCs reportedly vary from 19% to 59%, depending on study samples. 1 Traditionally, MCs are classified into three types. Type I MCs present decreased signal intensity on T1-weighted (T1W) images and increased signal intensity on T2-weighted (T2W) images. Type II MCs reflect increased signal intensity on both T1W and T2W images and type III MCs display decreased signal intensity on both T1W and T2W images. 2 While type II MCs are the most common endplate signal changes, type III MCs are rare.
Although MCs were intensively studied for decades, much remained unclear. The association between MCs and back pain, for example, remains controversial. Although many researchers reported that both type I and II MCs were associated with back pain, 3,4 some specified that it was type I MCs, but not type II MCs, that was associated with back pain. 5 The association between MCs and back pain, however, was not observed in some clinical studies. [6] [7] [8] On the contrary, although it is generally accepted that MCs are associated with disc degeneration, quantitative data supporting this relationship are insufficient.
A limited understanding of clinical relevance of MCs is due, at least in part, to the poor knowledge of MCs pathology. According to an early report, type I MCs were characterized by inflammatory reactions and vascular granulation formation, and fatty degeneration was a prominent pathological finding for type II MCs.
9 Surprisingly, however, this widely spread concept was based on merely six histological samples. 9 The pathological entities of MCs, therefore, deserve further investigation.
Given the scarcity of histological samples nowadays, a radiological study may be a reasonable alternative to further understand the pathology for MCs. Fat suppression (FS) techniques are commonly used in the differential diagnosis for spine disorders. On FS sequence, signal contribution from fat or fat-related components is suppressed and thus displays decreased signal on MR images. Recently, FS techniques were used to quantify fat content in liver, 10 subcutaneous tissue, 11 and bones. 12 Although fat may be an important component of type II MCs, the characteristics of type II MCs on FS sequence have not been studied yet.
In clinical practice, we have noticed an interesting phenomenon that type II MCs had different presentations on FS images. Although signal of some type II MCs was suppressed on FS images, as compared with that of adjacent vertebral marrow without MCs (Figure 1 A-C), in many cases, signal on FS images was not suppressed (Figure 1 D-F) . We postulated that the divergent presentations of type II MCs on FS images may be due to varied pathologies underlying, which may have different pathological effects on the adjacent intervertebral disc. The purposes of the current study, therefore, are to characterize type II MCs on FS sequence and further to determine the association between FS status of type II MCs and adjacent disc degeneration. As the focus of the current study was type II MCs, only lumbar MRIs with type II MCs were included for further assessment and type I, type III, and mixed MCs were all excluded. In MCs evaluation, we excluded small signal changes on vertebral body corners and those endplate signal changes that presented on less than three sagittal slices to minimize measurement errors.
MATERIALS AND METHODS

Samples
14 As only patients' images were reviewed in the present study, ethic permission was waived by the authors' institutional review boards.
MR Imaging Technique
MR imaging was performed using a 3.0 Tesla scanner (Philips Medical Systems; Best, The Netherlands). Sagittal T2W images were acquired using a fast spin-echo sequence with a repetition time (TR) of 4000 ms, echo time (TE) of 118 ms, echo train length of 27, and the number of acquisitions of 4. The matrix size was 448 Â 224, field of view 28 Â 28 cm, slice thickness 4 mm, and intersection gap 1 mm. Sagittal T1W images were acquired using a fluidattenuated inversion recovery sequence with a TR of 2060 ms, TE of 21 ms, inversion time (TI) of 860 ms, echo train length of 6, and the number of acquisitions of 4. The matrix size was 256 Â 224, FOV 28 Â 28 cm, slice thickness 4 mm, and intersection gap 1 mm. FS images were acquired using spectral pre-saturation attenuated inversion recovery (SPAIR) sequence with T2 suppression. This technique is based on a frequency-selective inversion pre-pulse tuned to fat off-resonance and with an inversion time adjusted to 100 ms for optimal fat nulling.
Suppression Status of Type II MCs on FS Images
When the presence of type II MCs was confirmed, the involved spinal level, location, and suppression status on FS sequence were recorded. On T2W sagittal image, a lumbar vertebral body with type II MCs was classified into MCs region and adjacent non-MCs region for further assessment. The signal intensity of MCs regions on FS images was first assessed visually, taking the adjacent non-MCs region as a reference. On FS images, Type II MCs were defined as suppressed if the MCs regions present hypo-intensity as relative to the adjacent non-MCs region in the same vertebra ( Figure 
Quantitative Measures of Signal Intensity
The T2W sagittal image with the largest MCs region was used to measure signal intensity. Using an image analysis program Osirix (version 3.1; Geneva, Switzerland), the MCs region was defined as a region of interest (ROI) using a closed polygon. As shown in Figure 2 , area and signal intensity measurements of ROI were acquired.
Due to the heterogeneity of signal on MR imaging, it may not be suitable to directly compare signal intensity measurements of different regions or sequences. We used the mean signal intensity of adjacent cerebrospinal fluid (CSF) as a reference to adjust all signal intensity measurements for the vertebral regions and intervertebral disc. 15 A representative area of CSF that was closely adjacent to the MCs regions, either on the same sagittal slice or the adjacent sagittal slice, was sampled to measure mean signal intensity for CSF. Signal intensity measurements, therefore, are the ratio of mean signal intensity of targeted regions relative to the mean signal intensity of the adjacent CSF.
In addition, ROIs defined on T2W images were copied to the corresponding FS images to obtain another set of signal intensity measurements (Figure 2 ). Fat content index (FCI), which is the percentage signal intensity change between T2W and FS images, was calculated to estimate fat content for MCs region and non-MCs region.
FCI, fat content index; SI, signal intensity; SI MCs , signal intensity for MCs region; SI CSF , signal intensity of adjacent CSF; T2, T2-weighted image; FS, FS image.
MCs Size Assessment
Using a method we previously validated, 14 the size of MCs, including area, anteroposterior (AP) diameter, transverse diameter, and height were measured on T2W image. Area was obtained by defining an ROI for MCs. The AP diameter was measured as the ratio of AP MCs diameter to AP vertebral body diameter on middle sagittal image, as shown in Figure 2 . Transverse diameter of MCs was defined as the percentage of slices with the presence of MCs (11 slices for 
Evaluation of Disc Degeneration
The degree of disc degeneration was assessed using disc signal intensity, disc height, and disc bulging, which were acquired on mid-sagittal T2W image. The mean disc signal intensity was acquired by defining a ROI for the intervertebral disc, which was further adjusted for adjacent CSF signal intensity (Figure 3) . Disc height was defined as the mean of anterior, middle, and posterior height of the intervertebral disc. Disc bulging, which includes anterior and posterior disc bulging, was measured as the area of the portion of the disc that exceeds the anterior and posterior edges of vertebral bodies ( Figure 3) .
As the lumbar spine was typically divided into upper (L1-L3) and lower regions (L4-S1), a neighboring disc from the same region was selectively measured as a control. If MCs present at the endplates adjacent to L1/2 disc, for example, L2/3 or L3/4 disc that is without MCs at the adjacent endplates was measured as a control, or vice versa. If MCs present at the endplates adjacent to L4/5 disc, then the L5/S1 disc without adjacent MCs was measured for control ( Figure 3) .
As MCs classification was generally reliable, 13, 17 we did not evaluate reliability of MCs evaluation but had two authors evaluate specific MCs types together. Twenty lumbar MRIs randomly selected from the database were repeatedly measured by two authors to estimate inter-and intrareliabilities of specific measurements of MCs and disc degeneration.
Statistical Analysis
Statistical analyses were performed using STATA (version 12.0; Stata Corp LP, TX). Kappa statistics and intraclass correlation coefficient (ICC) were used to evaluate the reliability of MR measurements. Descriptive statistics were used to depict the characteristics of subjects, the number and location of MCs, disc degeneration, and percentage of fatsuppressed type II MCs. Continuous variables were presented as mean AE standard deviation (SD). Paired t-tests were used to study the relationship between type II MCs and disc degeneration. Logistic regression was used to determine the associations between FS status and disc degeneration, adjusting for age.
RESULTS
There were 576 lumbar spine MRIs conducted at the hospital during the defined period. Among them, 64 lumbar spine MRIs that meet the inclusion criteria were included in the current study. There were 17 men and 47 women (mean age 58.5 yrs, range 32-82 yrs). Type II MCs were presented at 150 lumbar vertebral endplates.
Reliability of Measurements
Kappa statistics revealed good to excellent intrarater and inter-rater reliabilities for MCs and disc degeneration measurements (Table 1) .
Suppression Status of Type II MCs on FS Images
Type II MCs were more common in the lower lumbar region than in the upper lumbar region. According to our visual classification, only 37 (24.7%) endplates with type II MCs were rated as suppressed, and the other 113 (75.3%) were rated as not-suppressed on FS images. The distribution of type II MCs was presented in Figure 4 .
Fat Suppression Status in Relation to FCI and MCs Size
Regardless of FS status on FS images, FCIs were statistically significantly different at MCs region and adjacent non-MCs region (Table 2 ). When the difference of FCIs between MCs region and adjacent non-MCs region was calculated, the difference of FCI in not-suppressed group (9.6 AE 10.8%) was significantly lower than that in suppressed group (28.9 AE 15.2%) (P < 0.001, Table 2 ), suggesting that the visual classification for FS status was reasonable. . Closed polygon tool in Osirix program was used to define regions of interests for the disc to obtain area and signal intensity measurements. Disc bulging was the area exceeding anteriorly and posteriorly to the vertebral edge, and total disc bulging was also calculated as anterior bulging plus posterior bulging. As defined previously, endplates showing hyperintensity on both T1W and T2W images was classified as type II MCs. In this case, type II MCs are present at both endplates adjacent to L4/5 disc, and the endplates adjacent to L5/S1 disc are without MCs. Therefore, both L4/5 and L5/S1 discs were measured and L5/S1 disc serves as a control in statistical comparison.
Type II MCs that were suppressed on FS images tended to have greater AP diameter (P < 0.05) and height (P < 0.05), than those of not-suppressed (Table 3) .
Association Between Type II MCs and Adjacent Disc Degeneration
Paired t-test was used to examine the effects of type II MCs on adjacent disc degeneration, taking a neighboring disc from the same lumbar region as a control. The disc adjacent to type II MCs had lower signal intensity (P < 0.001), lesser disc height (P < 0.001), and greater bulging area (P < 0.05), than the matched control disc (Table 4) .
Association Between Fat Suppression Status and Disc Degeneration
Using multiple variable logistic regression, the associations between FS status and disc bulging, disc height, and disc signal intensity were analyzed, taking ''suppressed'' as the reference. Older patients tended to have type II MCs that were not suppressed on FS images (OR ¼ 1.11 for 1 year, P < 0.001, Table 5 ). Moreover, type II MCs that were not suppressed on FS images statistically had greater adjacent posterior disc bulging (OR ¼ 1.05, P < 0.001) and lower disc height (OR ¼ 0.94, P ¼ 0.038). Disc signal intensity was not statistically significantly associated with FS status of type II MCs (Table 5) .
DISCUSSION
Type II MCs have long been thought to be fat degeneration and thus were regarded as relatively ''quiescent'' or ''stable.'' Using visual and quantitative measures, this radiological study revealed that signal of most type II MCs was not suppressed on FS sequence and older adults were more likely to have type II MCs that are not suppressed on FS sequence. Findings suggested that there may be ongoing inflammatory reactions and edema and type II MCs may not always represent fat replacement, questioning the current understanding of pathology for type II MCs. Using quantitative measures and paired controls, the present study confirmed that type II MCs were associated with adjacent disc degeneration. In addition, the adjacent disc tended to have greater degree of degeneration when signal of type II MCs was not suppressed on FS images. Although the association between MCs and back pain remains controversial, [3] [4] [5] [6] [7] [8] less attention has been paid to the pathological entity of MCs, though it is important to understand the association studied. Given the scarcity of histological specimen, some researchers tried radiological approaches to study the pathogenesis of MCs. By comparing MR and CT images, for example, Kuisma et al. 4 suggested that endplate sclerosis presents not only in type III MCs but also in MCs of other types, challenging previous views of pathological components for MCs. Radiological study with quantitative measurements, therefore, may be used as preliminary exploration for the pathological entity of type II MCs.
For type II MCs, early histological studies reported that the endplate was disrupted and bone marrow under the endplate was full of no-nuclear fat cells. 9, 18 Thereafter, type The lumbar spine was divided into upper (L1-L3) and lower region (L4-S1). Paired t-tests were used and a neighbor disc from the same lumbar region was used as the control. Disc signal intensity was adjusted by that of adjacent cerebrospinal fluid. Millimeter (mm) for disc height measurement, Squared mm for bulging measurements. Ã P < 0.05. ÃÃ P < 0.001. 13, 22 Longitudinal studies observed that it is common for type I MCs transfer to type II MCs. On the contrary, type II MCs can also convert to type I MCs or type I/II MCs under certain circumstances. 13, 23, 24 It seems that MCs represent a consecutive process of endplate and bone marrow pathologies. With a specific focus on type II MCs, the current study excluded mixed-type MCs and other types of MCs. Yet, findings that signal of most type II MCs was not suppressed on FS images suggested that there are simultaneous inflammatory reactions or bone edema. Moreover, typically vertebral fat degeneration is more common in older adults. [25] [26] [27] Finding that the presence of type II MCs, which is not suppressed on FS images, was related to greater age further supports that there is a complicated pathological process ongoing there. Type II MCs, therefore, may not as ''quiescent'' as previously thought. These findings may help to explain why type II MCs may transfer to type I or mixed MCs.
The association between MCs and disc degeneration has been noticed when MCs were first reported. 9, 28 Measurements of disc degeneration, however, were typically evaluated using qualitative methods such as Pfirrmann score and other visual assessments. [29] [30] [31] In this study, we quantitatively measured specific features of disc degeneration and used a disc from the same lumbar region as a control in data analyses. As a result, the presence of type II MCs was significantly associated with lower signal intensity, lesser disc height, and greater bulging area of the adjacent disc. Such consistent findings reflected a clear association between type II MCs and disc degeneration, which further suggested that MCs and disc degeneration may be two paralleling aspects of lumbar degeneration. Moreover, type II MCs that are not suppressed on FS sequence were associated with more adjacent disc degeneration. Potential ongoing inflammation on those type II MCs may be responsible. The phenomenon that there are subtypes of type II MCs may also help to explain the inconsistent findings on the association between type II MCs and back pain. 18, 32 There are some limitations in this study. As a radiological study, the current study is not able to fully elucidate the pathology of type II MCs. A histological study is needed to confirm our findings. Secondly, we used clinical patients as a convenient sample. It is possible that more type II MCs will be suppressed on FS image, if asymptomatic young volunteers were studied. Also, we did not include clinical data and the association between FS classification and back pain remains undetermined. In addition, signals on MR images may be affected by various imaging conditions. Yet, the use of adjacent CSF signal as a reference to adjust signal measurements allows reasonable comparisons between individual MRIs.
In summary, the present study observed that signal of only a quarter of type II MCs was suppressed on MR FS images, suggesting that type II MCs may not always represent fat replacement. Histological studies are needed to clarify the pathological entities of type II MCs and to further understand the role of MCs in back pain.
Key Points
For most type II MCs, signal was not suppressed on fat suppression MR images. Type II MCs may not always represent fat replacement and there may be ongoing inflammation and edema. Older adults are more likely to have MCs that were not suppressed on FS sequences. Type II MCs was associated with a greater degree of degeneration at the adjacent disc. Type II MCs that were not suppressed on FS images were associated with greater adjacent disc degeneration.
